The problem of meeting safety requirements for newgeneration automobile engineering is directly connected with improvement of tyre tread grip with ice and wet road surfaces, depending on the properties of the active fi llers used in the formulation of the coating and tread rubbers for high-speed tyres. This problem is particularly pressing in Russia, where, because of the poor state of the road surfaces and the prolonged service of tyres under winter conditions, an extremely high level of accidents and injuries is observed.
Increased attention to questions of environmental protection has dictated the urgency of the problem of reducing harmful exhaust gas emissions, the solution of which is also connected with the service characteristics of the tyres, which are largely determined by the properties of the active fi llers.
In the past decade, the mass production of car tyres with a low rolling resistance has been organised abroad, lowering fuel consumption by 4-6%, and accordingly exhaust gas emissions into the atmosphere [1] . These tyres have been called "green" tyres, as they promote a reduction in environmental pollution.
A combination of silica fi ller and dispersed carbon is used as the active fi ller of rubbers in the formulation of "green" tyres, making it possible to lower the rolling resistance and to improve the grip of tyres with wet road surfaces.
However, tread rubbers containing silica fi llers are inferior to rubbers fi lled with carbon black in terms of the elastic strength properties, which affect tyre durability, especially during service under conditions of low temperatures. Here, a deterioration in the plastoelastic properties of rubber mixes, which determine their processing properties, is also noted. The use of bifunctional silanes to reduce the infl uence of the given shortcomings complicates and increases the costs of rubber manufacturing technology.
In Russia, the production of "green" tyres has yet to be organised because of the high cost of imported fi ne colloidal silicas (Zeosil from Rhodia, France; Ultrasil from Degussa, Germany), and also the need to use an expensive imported bifunctional coupling agent for fi ne colloidal silica.
It has been established that, depending on the rubber mix manufacturing technology, the mix is 26-36% more expensive than a standard mix, and tyres based on it are 6.7-9.0% more expensive.
The problem of creating the domestic production of competitive high-speed car tyres can be solved by successively setting up the production of the key components. These important components include the rubbers and active fi llers. Whereas certain advances have been made in the production of new rubbers (DSSK at the Voronezh Synthetic Rubber Works), the problem of active fi ller production remains acute, which dictates the urgency of conducting research into the creation of a new active fi ller for elastomers.
Combined silica-carbon nanostructured dispersed materials are promising fi llers for tyres with low rolling losses and high grip. Taking these circumstances into account, Cabot has developed technology for the production of new dispersed silica-carbon fi llers of the Ecoblack type [2] . This is a two-phase fi ller including nanosized carbon and highly dispersed silicon dioxide evenly distributed in the carbon phase. When SiO 2 is introduced into the carbon matrix, the content of oxygencontaining groups on the surface of the silica-carbon nanocomposite increases, which provides the composite with a combination of the positive properties both of carbon black and of silica fi ller. By comparison with standard carbon black (P234), Ecoblack fi ller is characterised by greater surface roughness with a specifi c adsorption surface of 115-125 m 2 /g (STSA), absorption of dibutyl phthalate of 100-110 mL/100 g, and a high ash content. Practical use of the indicated fi ller has been realised hitherto only in the tread rubber formulation for ultrahigh-speed tyres on account of the complexity of the fi ller production technology. The main shortcoming of Cabot's known silica-carbon fi ller is its expensiveness. The high cost of Ecoblack fi ller is due to the fact that, during its production, an expensive addition of organosilicon compounds is introduced in quantities ensuring an SiO 2 content in the fi ller of 5-8%. Here, according to Cabot data, silicon dioxide is evenly distributed in the phase of nanosized carbon particles. If account is taken of the fact that interaction of the elastomer with the fi ller occurs with the surface of the fi ller particles, then, in the case of preferential distribution of SiO 2 in the surface layer of the fi ller particles, it is possible to achieve the required effect at a lower silicon concentration in the fi ller. Here, it is possible to lower considerably the cost of the fi ller -the main factor holding back the wide use of silica-carbon fi llers for elastomers.
In
Recently, at the IPPU, work has been conducted on the creation of technology for producing new silica-carbon nanocomposites as active fi llers for elastomers for the production of coating and tread rubbers for high-speed "green" and winter tyres.
Basic research has now been completed which has shown the possibility of producing silica-carbon nanocomposites by means of volume modifi cation of nanosized carbon by thermo-oxidative pyrolysis of aromatised feedstock containing an additive of organosilicon compounds.
To assess the effect of the silica-carbon fi ller on the properties of elastomer composites, specimens of dispersed carbon were synthesised under laboratory conditions by thermo-oxidative pyrolysis of aromatised feedstock with additions of polymethyl siloxane. The fi ller specimens obtained contained 3-13% SiO 2 . In laboratory tests of fi ller specimens in the formulation of standard rubber mixes, it was observed that, by comparison with the control specimen not containing SiO 2 , the trial specimens ensured an increased content of carbon-rubber gel with an improvement in the strength characteristics of the rubber compounds ( Table 1) .
On the scale of a pilot-plant unit for the production of carbon black in the experimental plant of the IPPU, elements of the technology for producing the silica-carbon composite were optimised.
In the developed technology, the idea of a two-stage process of nanocomposite synthesis is realised, during which the organosilicon compound additive is introduced into the reaction zone on the surface of freshly formed nanosized carbon particles. This method makes it possible to carry out the surface modifi cation of particles of dispersed carbon with silicon compounds and to lower the silicon content in the nanocomposite.
Nanocomposite specimens were synthesised by thermo-oxidative pyrolysis of a mixture of anthracene oil and heavy pyrolysis resin (1:1) with a correlation index of 145 units at a process temperature of 1450-1470°C.
The obtained specimens of nanocomposite with an SiO 2 content of 1.9-16%, in contrast to the control specimen, had a high adsorption surface, which increased with increasing SiO 2 content in the composite. Here, a reduction in the pH of the aqueous suspension was also observed ( Table 2 ).
X-ray diffraction studies of composite specimens showed that silicon compounds in the carbon matrix are X-ray amorphous. This is also confi rmed by Raman scattering spectra.
Scanning electron micrographs of particles of a silica-carbon nanocomposite containing 16% SiO 2 (Figure 1) , obtained on a high-resolution SEM with an energy dispersive X-ray (EDX) attachment, show the presence of SiO 2 inclusions in the surface layer of the carbon particles, which is confi rmed by identifi cation of the elemental composition of the surface regions of the particles (Figure 2) .
In a study of the structure of the surface microrelief of a silica-carbon nanocomposite (16% SiO 2 ) by means of scanning electron microscopy, SiO 2 particles (5-8 nm) not bound with the carbon matrix were revealed (Figure 3 ) that were not determined on micrographs of the same specimen treated with hydrofl uoric acid (Figure 4) .
Thus, electron microscope studies of silica-carbon nanocomposite specimens showed that SiO 2 is contained not only in the structure of the carbon matrix but also in the form of individual nanosized particles.
In the process of optimising the technology, a readily available, domestic organosilicon additive with a high silicon content was also selected and approved, the use of which, combined with new methods of its introduction into the process, makes it possible to produce a relatively inexpensive silica-carbon fi ller for elastomers.
Additional possibilities of increasing the effectiveness of using silica-carbon fi llers in elastomers can be realised by the chemical modifi cation of their surface during rubber mix preparation. Here, as is known, the main combination of properties of the fi ller (degree of structure, specifi c surface, etc.) does not change, but, by changing the chemical nature of the surface, it is possible to vary in a wide range the properties of the vulcanisates and the processing properties of the elastomer composites [3] . Implementation of the developed technology will make it possible to organise the production of a new active fi ller for elastomers that combines the advantages of carbon black (high level of wear resistance, technological effectiveness of the rubber mixes) and silica fi ller (reduction in rolling losses, improvement in tread grip with the road surface). The indicated combination of properties and the relatively low calculated cost of the new fi ller produced by the developed technology will ensure that it will be given preference over foreign analogues, which will make it possible, in organising its production, to reduce the dependence of Russian tyre manufacturers on foreign suppliers of silicon-containing fi llers.
Preliminary calculations indicate that the increase in 
